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osting by EAbstract Purpose: To describe epiretinal membrane (ERM) features using spectral domain opti-
cal coherence tomography ‘‘SD OCT’’ and to delineate the three-dimensional (3D) relationship in
eyes with epiretinal membrane.
Methods: Fifty-two eyes of 44 patients with ERM were classiﬁed into two groups: idiopathic
ERM and secondary ERM. Posterior vitreous face was evaluated. Pattern of ERM attachment
was divided into: focal and global. A 3D SD OCT system (5 lm resolution) was used for scanning.
Surface maps were used to study retinal topography.
Results: Surface maps revealed manner and direction of epiretinal traction, pattern of attach-
ment and blood vessel involvement. In 55.8% of eyes the membrane was globally adherent
to the retina. There was a signiﬁcant association (p= 0.02%) between pattern of membraneonal Ophthalmology congress
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38 A.M. Elbendaryattachment and etiological classiﬁcation of eyes. Posterior vitreous detachment (PVD) was
associated with both groups, but no signiﬁcant difference in between.
Conclusion: Spectral domain OCT allowed better characterization of ERM including: visualiza-
tion, extension, cleavage plane and zones with free edges. Surface maps revealed the topography of
ERM and retina pathology. Idiopathic ERM are signiﬁcantly associated with global pattern. PVD
plays an important role in the pathogenesis of primary as well as secondary ERM.
ª 2010 King Saud University. All rights reserved.1. Introduction
Epiretinal membrane (ERM) is a common ocular pathologic
condition with higher frequency in patients over the age of
50 (Mc Donald et al., 1994). Histopathologically, idiopathic
ERM is formed of ﬁbrocytes, ﬁbrous astrocytes, myoﬁbro-
blast, macrophages and retinal pigment epithelial (RPE) cells
(Sivalingam et al., 1990; Fraser-Bell et al., 2003).
Traditionally, diagnosis and characterization of ERM re-
lied mainly on slit lamp biomicroscopy, fundus photography,
ﬂuorescein angiography and time-domain OCT (Wilkins
et al., 1996). Although time-domain OCT including stratus
OCT can detect ERM and vitreoretinal interface, many draw-
backs are present including inaccurate image registration, low
scan speed and limited acquisition time which hinders efﬁcient
retinal coverage (Srinivasan et al., 2006).
Spectral domain OCT (SD) is a recent, novel technique that
provides dramatic increase of imaging speed; 50-times faster
than standard resolutionOCT.All echoes of light fromdifferent
delays are measured simultaneously resulting in increased speed
and sensitivity. A dense raster pattern with multiple consecutive
B scan at high speed allow for comprehensive retinal coverage. It
is possible to acquire complete three-dimensional (3D) data in a
time comparable to that of standardOCTprotocols that acquire
several individual images (Wojtkowski et al., 2005).
3D data can be processed and volume rendered to visualize
3D morphology of the retina. This is helpful for detecting
structural changes in retinal diseases or future clinical applica-
tion, such as planning ERM surgery (Wojtkowski et al., 2005).
Rendering also enables different parts of the retina to be made
transparent or moved virtually, providing additional morpho-
logic information (Keane and Sadda, 2008).
Spectral domain OCT has clear advantage over time do-
main in delineating extended retinal structure like ERM (Leg-
arreta et al., 2008). In addition, contour of posterior hyaloid,
traction forces of ERM and internal limiting membrane wrin-
kling are easier to identify (Schmidt-Erfurth et al., 2005).
The aim of this study is to describe ERM features using 3D
OCT and to delineate the 3D relationship in eyes with epireti-
nal membrane.2. Patients and methods
This was an observational cross sectional study conducted on
52 eyes of 44 patients attending Mansoura ophthalmic center.
Eyes underwent full ophthalmological examination including
best corrected visual acuity, slit lamp biomicroscopy, fundus
photography, ﬂuorescein angiography and OCT. Informed
consent was performed with all patients following all the
guidelines required by the institutional review board of ethical
committee.Eyes were classiﬁed into two groups according to the etiol-
ogy of the membrane formation: Group 1 (idiopathic ERM):
with no associated ocular pathology. Group 2 (secondary
ERM): included eyes with ocular diseases associated with
ERM. Epiretinal membrane was diagnosed on OCT as contin-
uous line of hyperreﬂectivity attached to the inner retinal sur-
face. Epiretinal membrane was differentiated from minimally
reﬂective posterior hyaloids by the fact that ERM is thicker
with stronger reﬂections. Condition of the posterior vitreous
face was evaluated as partial detachment, complete detach-
ment or intact if no detachment was detected. Pattern of
ERM attachment was divided into: focal: if membrane is at-
tached to the inner retinal surface at multiple points with def-
inite line of cleavage between the membrane and the retinal
surface. Global: if the membrane is totally adherent with no
visible line of cleavage between the membrane and the retina.
A 3D, Fourier domain OCT system, which is combined
with non-mydriatic retinal camera 3D OCT 1000 (Topcon
Corp., Tokyo, Japan) was used in this study. This system
has approximately 5 lm axial resolution, 20 lm horizontal res-
olution and acquires 18,700 axial scan/s corresponding to
about 36 image of commercially available stratus generation
(512 axial scans per image). 3D data was obtained using raster
scanning technique centered on the fovea, covering a square
area; 6 mm (horizontal) · 6 mm (vertical) · 1.7 mm (axial
depth). This raster pattern acquires 128 horizontal scan, each
scan is composed of 512 axial scans. The total acquisition time
of 3D data is less than 3.7 s. A super luminescent diode with a
wavelength of 840 nm and a bandwidth of 50 nm is used as a
light source. Central foveal thickness was measured in all eyes
except if full thickness macular hole was associated.
To visualize the 3D retinal structure and relationships, 3D
data was rendered volumetrically using image processing soft-
ware which was optimized to visualize the posterior hyaloids.
This provides 3D virtual microscopic view of the target area.
An OCT virtual fundus image (projection image) generated di-
rectly from 3D data was used to enable precise registration of
OCT image with the speciﬁc fundus features. Fixation changes
during imaging were identiﬁed by observing discontinuities in
blood vessels on the virtual image.
Analysis was done using descriptive statistics (SPSS v10).
The following tests were used: Student t test, which is a para-
metric test to compare the mean values of two groups and Chi-
square test to compare between the percentages of two groups.
3. Results
The study included 52 eyes of 44 patients with mean age
57.5 years (range 26–74). Twenty-six were males while 18 were
females. Visual acuity ranged from 20/40 to 20/2000. In 20 eyes
(38.5%) no ocular lesions were detected, therefore ERM was
classiﬁed as idiopathic, while 32 eyes (61.5%) had associated
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Frequency of different causes is demonstrated in Table 1.Table 1 Frequency of causes in the study group.
Etiology No. Percentage
Idiopathic 20 38.5
DM 27 52
RVO 2 3.8
CNV 2 3.8
Traumatic 1 1.9
Total 52 100
DM, diabetes mellitus; RVO, retinal vein occlusion; CNV, cho-
roidal neovascularization.
Table 2 Association between central foveal thickness and
clinical classiﬁcation of ERM.
Group Mean thickness (lm) Minimum (lm) Maximum (lm)
Primary 255.7 ± 99 133 443
Secondary 370.9 ± 183 110 760
t-Test (t= 2.7, p= 0.008).
Figure 1 Top right: focal ERM with wide cleavage plane between t
surface and thickness map shows focal irregular areas of retinal elevatio
Top left: globally adherent hyperreﬂective ERM, narrow steepened fov
and thickness map shows narrow steepened foveal contour, uniform pe
lower temporal macular branches (arrows).Macular holes were detected in 19% (10 eyes) among the
study group, 50% of them (5 eyes) were true full thickness
macular holes and the other 50% had macular pseudoholes.
Sixty percent of full thickness macular holes were associated
with secondary ERM while 80% of pseudoholes were associ-
ated with idiopathic globally adherent ERM.
Mean central foveal thickness in eyes with idiopathic ERM
was 255.7 and 370.9 lm in eyes with secondary ERM. The dif-
ference was statistically signiﬁcant (p= 0.008) between the
two groups (Table 2). Central foveal thickness was not mea-
sured in eyes with full thickness macular holes.
In 23 eyes (44.2%), the ERM was focally attached to retina
at multiple points with evident cleavage plane (Fig. 1, top
right). Corresponding surface and thickness maps revealed
alternating areas of retinal elevation and depression with
marked distortion of retinal topography (Fig. 1, bottom right).
In 29 eyes (55.8%) the ERM was globally adherent. The global
pattern (Fig. 1, top left) was difﬁcult to diagnose and it was de-
tected by one or more of the following: (a) a contrast in reﬂec-
tivity between the membrane and underlying retina, (b) a
steepened or narrow foveal contour indicating a macular pseu-
do hole due to centripetal contraction force of the membrane
and (c) a tuft or edge of the membrane continuous with the ret-
inal surface. Corresponding surface and thickness maps
(Fig. 1, bottom left) revealed more or less uniform elevation
and thickening of the affected region, 3D appearance of asso-
ciated pseudohole and radial retinal folds. In addition, bloodhe membrane and retina nasally. Bottom right: corresponding 3D
n and depression. Retinal thickness can be measured at any point.
eal contour and membrane edge (arrow). Bottom left: 3D surface
rifoveal elevation. Radial retinal folds extend to involve upper and
40 A.M. Elbendaryvessels distortion including upper and lower temporal macular
branches were easily detected in the surface maps (arrows).
The location of vessels in surface maps was conﬁrmed by pre-
cise registration to corresponding OCT projection images.
Composite images formed of B scan slices, 3D retinal image
and projection image allowed exact location of ERM and
delineates the relationship between the vitreous, retina and
fundus landmarks (Fig. 2). Serial B scan imaging could differ-
entiate ERM from incomplete posterior vitreous detachment
(PVD), extension and variable density of the membrane
(Fig. 3), tractional schisis cavities (Fig. 2), may reveal the free
edge of the membrane (Fig. 4), and localized thickening of pos-
terior vitreous face.
There was a signiﬁcant association (p= 0.02%) between
the pattern of ERM attachment and etiological classiﬁcation
of the groups (Table 3). In 75% of eyes with idiopathic
ERM, the membrane was globally adherent. While in 56.3%
of eyes with secondary ERM the membrane was focally
adherent.
Concerning the condition of posterior vitreous face, 3D vol-
ume rendered images can locate the site and extension of free
edge of incompletely detached vitreous (Figs. 2 and 4). In addi-Figure 2 Top left: OCT fundus image projected over colored fundus
ERM, retinal thickening and outer retinoschisis. Top right: OCT at a
which is registered to OCT fundus image and located above the middle
slice sectioned through 3D image above the middle of inferior arcade.
landmarks. It reveals ERM as hyperreﬂective zone (upper nasal quadra
(arrow).tion, ERM is detected as zones of hyperreﬂectivity (Fig. 2) and
the spatial relation between vitreous, retina and epiretinal pro-
liferation is best visualized (Fig. 3). In Group 1, 4 eyes (20%)
with idiopathic ERM had complete posterior vitreous detach-
ment ‘‘PVD’’, 8 eyes (40%) had partial PVD and 8 eyes (40%)
had no PVD. In Group 2, complete PVD was detected in 1 eye
(3.1%), partial PVD in 21 eyes (65.6%) and no PVD in 10 eyes
(31.3%). No statistically signiﬁcant difference (p= 0.06%)
was detected between the two groups (Chi-square: 5.39).
4. Discussion
High speed SD OCT allowed better visualization of ERM
morphology and retinal topography. The alternation of retinal
contour was easily identiﬁed in cross sectional images, surface
and thickness maps, as well as the volume rendered image (3D
image). The higher resolution of 3D OCT (5 lm) in addition to
dense raster pattern (128 scan) in a large scanned area helped
easier detection of ERM especially the global pattern. Large
scanned area 6 · 6 mm revealed the topography, extension of
the ERM between the two arcades. It also eliminates the need
for accurate patient ﬁxation, localization of lesions and posi-photo showing no abnormalities. Bottom left: OCT reveals focal
another scanning level, showing incomplete PVD with free edge
of inferior arcade. Bottom right: composite image formed of B scan
It delineates 3D relationship between vitreous, retina and fundus
nt) and the extent of PVD which involves the infero nasal quadrant
Figure 3 Top left: colored fundus photo showing atrophic maculopathy and ﬁbrous membrane along the upper arcade. Top right: OCT
reveals thin, irregular fovea, globally adherent ERM which is only separated at fovea, peripherally it is continuous with PVD with thin
band. Bottom right: at higher scanning level, a dense ﬁbrous band is adherent to retina. Bottom left: 3D OCT reveals the contour,
extension, thickness variation of the band and the complex relation between PVD, ﬁbrous band and the retina.
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retrospectively. Single scan at the fovea can misdiagnose
ERM. Serial B scanning obtained with dense raster pattern
could differentiate ERM from areas with incomplete PVD.
ERM is intimately related to retinal surface while incomplete
PVD usually have elevated vitreal edge with speciﬁc contour
(convex or concave according to the pattern of detachment).
Focal associated retinal pathology which may be missed by
conventional scanning techniques, are better detected. These
include areas of tractional schisis, edema and neurosensory
detachment.
3D surface and thickness maps revealed two different char-
acteristic patterns of ERM attachment. In the focal pattern of
attachment, the retinal topography was markedly distorted
with focal irregular areas of retinal elevation and depression.
In the global pattern, retinal topography was more preserved
showing uniform elevation and thickening of the affected re-
gion in addition to 3D appearance of associated pseudohole.
Wrinkling induced by ERM was evident on surface maps as
radial or vertical retinal folds. Blood vessels kinking and dis-
tortion by ERM, including upper and lower temporal macular
branches was easily detected in the images. Blood vessel
involvement was conﬁrmed by pinpoint registration of blood
vessels course on surface maps with corresponding OCT pro-jection fundus image. Retinal thickness could be directly mea-
sured at any single point of the map.
Projection images allowed correction of ﬁxation errors, pin
point registration of clinical fundus features with B scan
images, 3D images and surface maps of the scanned area. In
volume rendered (3D) OCT images, ERM attachment was
detected as hyperreﬂective zones delineating the topography,
density and the extent of the membrane. The 3D image
allowed better orientation of the contour, extension of incom-
plete PVD. The complex relation of PVD to epiretinal ﬁbro-
vascular proliferation and or retina was very easily detected.
B scan images of retinal zones with wide cleavage plane, free
edge of ERM or incomplete PVD can be registered to 3D
images and are helpful for facilitation of surgical interference.
Beneﬁcial information can be obtained from composite im-
age formed by serial B scan slices, sectioned through 3D
images and mounted over OCT fundus image. In one view,
structural changes in 2D and 3D images can be directly corre-
lated to underlying fundus abnormalities. Such composite
images were highly valuable for localization of lesions and
appreciation of the spatial relationship between the vitreous,
retina and fundus landmarks. 3D images can be rotated in
any orientation using animated video techniques so that the
retina can be seen from any perspective.
Figure 4 Top left: fundus photo of an old male with traumatic ERM revealing cellophane maculopathy. Top right: OCT reveals
multifocal ERM with free edge, surface wrinkling and retinal thickening. Bottom right: 3D surface map reveals circumscribed island of
retinal elevation and thickening associated with radial folds. Bottom left: 3D OCT reveals incomplete PVD in the superior nasal and
inferotemporal quadrants (arrows).
Table 3 Association between ERM attachment and clinical
classiﬁcation of ERM.
Attachment Group Total
Idiopathic Secondary
Focal 5 (25%) 18 (56.3%) 23 (44.2%)
Global 15 (75%) 14 (43.7%) 29 (55.8%)
Total 20 (100%) 32 (100%) 52 (100%)
Chi-square = 4.8; p= 0.02%.
42 A.M. ElbendaryThere was a signiﬁcant association between the pattern of
ERM attachment and etiological classiﬁcation of eyes. Sev-
enty-ﬁve percent of idiopathic ERM were signiﬁcantly associ-
ated with global pattern while 56.3% of secondary ERM were
associated with focal pattern. A similar ﬁnding was detected by
Mori et al. (2004) who found that 80% of idiopathic ERM
were associated with global pattern versus 52% of secondary
ERM that were focally adherent.
Different patterns may be related to severity of underlying
pathology. It is noticeable that idiopathic global ERMs were
associated with moderate alternation in retinal structure, uni-
form changes in surface maps, while secondary focal ERMwere associated with vigorous retinal changes and irregular
surface maps. This is supported partially in this study by the
ﬁnding that central foveal thickness was signiﬁcantly higher
in eyes with secondary ERM than eyes with idiopathic
ERM. Alternatively, differential expression of a number of
growth factors may be responsible for different morphological
pattern of ERM such as vascular endothelial growth factor
that is detected in higher levels in association with ERM sec-
ondary to proliferative diabetic retinopathy (Mori et al., 2004).
3D OCT data in the present study had conﬁrmed the rela-
tionship between PVD and ERM. Secondary ERM was asso-
ciated with PVD in 68.7% of eyes. Sixty percent of idiopathic
ERM were associated with PVD either partial (40%) or com-
plete (20%). Posterior vitreous detachment can create dehis-
cence in internal limiting membrane through which cells
migrate and proliferate on the inner retinal surface (Clarkson
et al., 1977). Johnson (2005) reported that eyes with idiopathic
ERM were found by OCT and or ultrasound to be associated
with partial (87%) or complete (13%) PVD. Using 3D OCT,
Koizumi et al. (2008) detected complete PVD (83%), partial
PVD (14%) in eyes with idiopathic ERM. The lower percent
of complete PVD in this study may be due to the fact that
too anterior PVD is outside the range of imaging of OCT
and had to be documented with ultrasound.
Three-dimensional characterization of epiretinal membrane using spectral domain optical coherence tomography 43In conclusion, spectral domain OCT allowed better charac-
terization of ERM including: visualization, extension, Cleav-
age plane and zones with free edges. Surface maps reveal
surface wrinkling, direction of traction, pattern of ERM
attachment and blood vessel involved in traction. 3D visualiza-
tion of vitreoretinal interface may help better understanding of
pathogenesis of ERM. In addition, contour and extension of
PVD, traction induced by ERM and surface distortion were
easier to identify. Quantitative and qualitative information
can be extracted from 3D data, thus facilitating clinical and
surgical decisions. Idiopathic ERM are more likely to be glob-
ally adherent than secondary ERM. Posterior vitreous detach-
ment plays an important role in the pathogenesis of primary as
well as secondary ERM.
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